Introduction
In recent years, investigations of magnetic properties of nano-and microcrystalline alloys of RE and 3d-transition metals was of great interest for practical and theoretical points of view. The study of RE-metals, which are source material for the synthesis of different compounds is of special significance for solving problems of magnetism in these alloys [1] . In this connection it seems to be rather important [2, 3] to research the influence of structural state on magnetization and magnetocaloric effect of Gd, which is the purpose of our work.
Sample preparation
A technology for purification of Gd by vacuum distillation and optimum regimes of the purification have been developed at the Baikov Institute of Metallurgy and Materials Science RAS [4] . The evaporation of Gd is performed for 10 h at a temperature of 150°C above its melting temperature. The evaporation and condensation conditions used allowed us to obtain Gd in the form of druse consisting of thin long single-crystal fibers. Atomic-force microscopic studies (with a SMENA-A scanning Probe Microscope) performed on a cross section of druse (perpendicular to the fibercrystallites growth direction) showed that the diameter of fibers varies from 30 to 100 nm.
To change the crystalline size in samples, we used the method of severe plastic deformation (SPD) [5] . This method is specific because it does not introduce impurities in the staring materials and permits a fabrication of pore-free samples appropriate for structural and magnetic measurements. Owing to the advanced method used in the sample preparation, we were able to determine reliable magnetic parameters.
Severe plastic deformation of the samples (thin plates 10 mm in diameter and 0.6 mm in height) was performed at room temperature by torsion under high hydrostatic pressure (4 GPa) using a Bridgman anvils and 5 revolutions of anvils. The study of the structural state of the deformed sample showed that the diameter of crystallites increases to 300 nm owing to grains flattening perpendicular to their growth direction. It was shown earlier [5] that SPD doesn't change the crystalline structure of a sample but leads to the crystalline grain resizing.
Structural state
The images obtained by AFM for initial nanocrystalline Gd and for Gd-SPD are displayed on figs. 1 and 2, respectively. Comparison of obtained images indicates the difference between structural state of initial Gd and Gd-SPD. 
Magnetic properties
The magnetization data was obtained by vibrating sample magnetometer in fields up to 12 kOe.
(field applied along the samples' plane). Temperature dependencies of magnetization σ of initial Gd and Gd-SPD are shown on fig. 3 . One can see that at fixed magnetic fields σ(T) curves for Gd-SPD are arranged noticeably lower comparing to initial Gd and show more smooth decrease of magnetization near T c ~ 292 K. Based on derived σ(H) dependencies for different temperatures the Belov-Arrot curves H/σ(σ 2 ) were plotted. According to the thermodynamic theory of the second order phase transitions in the region of T c the magnetization is determined by the Belov-Arrot relation [6] : ,
where α, β -thermodynamic coefficients, α = α'(T -T c ) and intersects the coordinate origin at Curie temperature.
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According to the Belov-Arrot curves it was found that for initial Gd T c equals ~291 K, α' = 13.8 K -1 ·g·cm -3 , and β = 0,38 Oe·emu -3 ·g 3 . For Gd-SPD respectively the following values were obtained: α' = 22.3 K -1 ·g·cm -3 , and β = 0.14 Oe·emu -3 ·g 3 , which differ noticeably from coefficients for initial Gd. The defined value of T c in Gd-SPD is 292 K. Thereby, SPD method has a significant influence on the thermodynamic behavior of σ(T) in the region of FM-PM transition. Fig. 3 . Magnetization curves at magnetic fields 1-10 kOe (1 kOe step) for initial Gd and Gd-SPD. The next stage of our work was the determination of isothermal magnetic entropy change ∆S M in the region of T c . Therefore using the thermodynamic relations and adiabatic condition we find [7] : (2) By integrating this relation we obtain .
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Using Eq. (3) we have calculated ∆S M induced by magnetic field. The results of theoretical calculations based on σ(H) data for initial Gd and Gd-SPD are displayed on fig. 4 . It is seen that the maximum of ∆S M in Gd-SPD composes ~ 61 % of maximum in initial Gd.
Discussion
A high dispersion of initial nanocrystalline Gd structure is characterized by the existence of nanocrystallites with the sizes ~ 30-100 nm. With these sizes of nanocrystallites, a single domain criteria is allowed. Each nanocrystallite is a single domain grain. In this case a system of exchangeinteracting nanocrystalline grains arises in Gd. Domain walls, which fill a significant part of nanocrystallite volume, are formed on these nanograins' boundaries. The forced magnetization is defined by exchange correlation interactions between adjacent grains. A large σ gradient appears in domain walls due to a spin rotation. As nanocrystalline Gd samples are magnetized in the area of magnetic phase transition FM-PM, magnetic field overcomes both the thermal fluctuations influence and the spin disorientation resulting from a fluctuation of exchange correlation interactions. After SPD the intense plastic deformations arise in Gd and remain in a sample even after the removing of mechanical stresses, that leads to a considerable local magnetoelastic interactions (LMI) which are caused by significant magnetostriction of Gd [8] . Owing to this a considerable decrease of magnetization and the magnetic entropy change occurs near T c .
A sharp decrease of α' and β coefficients and ∆S M in Gd-SPD are explained by a large magnetoelastic contribution in thermodynamic potential in the region of fields and temperatures where paraprocess mainly contributes to magnetization process. It was shown earlier that according to the thermodynamic theory of the second order phase transitions [6] the elastic stresses influence Belov-Arrot curves near magnetic phase transition.
